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T h i s  report documents the AS-207 Launch Vehicle Operational plight 
Trajectory Dispersion Analysis. The data presented herein are intended 
primarily f o r  establishing t ra jectorg parameter envelopes about the  
predicted S-IB and S-IVB stage end conditions of f l i g h t  and confirmation 
of the f l i g h t  perfonaance reserve requirement. The a n a l y s i s  documented 
herein was performed by the Aerospace Physics Branch, Chrgsler Corporation 
Space Division, under NAS8-4016, Modification KFC-1, Amendment 21, and 
23, BB I ta  3.1.3-12. 
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DEFINITIOKS AND SYM5OLS 

Ae mdynami c He a t  ing  Ind ica  t o r 

Aerodynamic Load I n d i c a t o r  

A l t i t ude  

Angle of Attack 

Cen t ra l  Range Angle 

3cscending Node Argument 

Ea r th  Fixed Pos i t ion  

Ear th  Fixed Cross Range 

Ea r th  Fixed F l iph t  Path Angle 

Ea r th  Fixed Velocity 

E a r t h  Fixed i 'elocity Maepitude 

q = dynamic p res su re  

V r  = re lat ive v e l o c i t v  
dt  

at  = t o t a l  angle of  
a t t a c k  

Product of dynamic p res su re  and angle of 
a t t a c k .  

Vehicle a l t i t u d e  above t h e  referenced 
e l l i p s o i d  measured alone t h e  geocent r ic  
p o s i t i o n  vec tor .  

Anple between the  r e l a t i v e  v e l o c i t y  v e c t o r  
and t h e  l o n g i t u d i n a l  &s of t h e  veh ic l e  
measured p o s i t i v e  nose up. 

Angle between ins tan taneous  space f ixed  
p o s i t i o n  v e c t o r  and space f i x e d  p o s i t i o n  
v e c t o r  at  Guidance Reference Release 

Angle measured i n  t h e  e q u a t o r i a l  p lane  
between t h e  o r b i t  p lane  descending node 
and the  sFace f i x e d  meridian plane def ined a t  
f ! t t i  v-ua,LL Xeferznce helease. 

Pos i t i on  vec to r  corponents i n  an ea r th -  
f i xed  pad-centered plumbline coc,niinate 
system. The X e  a x i s  i s  coinc ident  with 
t h e  re ference  e l l i p s o i d  normal, p o s i t i v e  
upward. The Xe a x i s  i s  p a r a l l e l  t o  t h e  
ear th- f ixed  aiming azimuth and i s  F o s i t i v e  
downrange. 
handed system. (PASCS 10.) 

?he  Ye a d s  completes a r i g h t  

Ye component of  PASCS 10 p o s i t i o n  vec to r .  

Angle between t h e  e a r t h  fixed ve1ocit:- 
v e c t o r  and t h e  e a r t h  f ixed  p o s i t i o n  vec to r  
(PASCS 10)  . 
fron: pos i t i on  vec to r .  

Measured p o s i t i v e  dmnrange 

Veloci ty  vec to r  components i n  PASCS LO. 
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Seocen t r i c  Declination 

ode t i c La tit ude 

Ground Panee 

I n c l i n a t i o n  

Lon@ tude  

Loncitudinai Acceleration 

Mass 

Pi t ch ,  Yaw, Eo11 

Radius 

Space Fixed P o s i t i o n  

Anele d e f i n i w  o r i e n t a t i o n  of  t h e  sbace 
f i x e d  cocrdinate  system downranFe a x i s ,  
Zs, at  Guidance Reference Release. Kea- 
sured p o s i t i v e  east of n o r t h  i n  plane 
noma1 t o  t h e  space f i x e d  Xs a x i s  a t  
Guidance Reference Release. 

Angle between t h e  peocentr ic  r a d i u s  v e c t o r  
and t h e  t rue e q u a t o r i a l  plane measured 
p o s i t i v e  n o r t h  of  t h e  equator .  

Angle between t h e  reference e l l i p s o i d  
noma1 through t h e  po in t  of i n t e r e s t  md 
t h e  t r u e  e q u a t c r i a l  @ m e ,  measured 
p o s i t i v e  n o r t h  of t h e  equator .  

Surface ranee measured frorr launch site 
t o  t h e  suh veh ic l e  po in t .  

I n c l i n a t i o n  o f  instantaneous f l i r h t  rlane 
with e q u a t o r i a l  plane.  
v e c t o r  R x V i n  PASCS Xo. 13. 

Defined by t h e  

Angle between t h e  Greenwich meridian plane 
and t h e  p r o j e c t i o n  of  t h e  Feocentr ic  Fos i -  
t i o n  vec to r  i n  t h e  e q u a t o r i a l  plane 
( P o s i t i v e  west of Greenwich. ) 

That p a r t  of t h e  t o t a l  measurable accc ln ra t ion  
di ,ycted &m,p the longi t .ud ind  ax3 s 0:' t h e  
veh ic l e .  

Mass of t h e  veh ic l e .  

Eu le r i an  angles of vehicle attitude measured 
with r e spec t  t o  t h e  space f i x e d  coordinate  
system. 
ordered r o t a t i o n  o f  p i t c h ,  yaw and rol l ,  
r e spec t ive ly .  (See i l l u s t r a t i o n )  

Vehicle a t t i t u d e  i s  de f ined  by t h e  

Pos i t i on  v e c t o r  conponents i n  a space 
f i x e d ,  e a r t h  centered, p l m h l i n e  coordinnte  
system defined a t  Cuidance Reference Helcase. 
?hc Xs a x i s  i s  p a r a l l e l  t o  t h e  reference 
e l l i p s o i d  normal which passes  through t h e  
launch s i t e .  The 2s a x i s  i s  p a r a l l e l  tc,  
and p o s i t i v e  i n  t h e  sane d i r e c t i o n  as t h e  
earth-fixed f i r i n p  azimuth. The Ys a x i s  
complrtes t h e  r i g h t  handed system. T h i s  
i s  P r o j e c t  A~ol10 Standard Coordinate 
System 13. (PASCS 13. ) 
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DEFINITICNS AND SyllBoIs (Caart'd) 
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Space F i x e d  Cross ?anre vs cornrcnent of FASCS 13 posi t ion 
vec to r .  

Space Fixed F l iFh t  Path An;.lc k y l e  bctween t h e  space-fixed vel ocit:: 
v e c t o r  and t h e  r a d i u s  v e c t o r  (FASSS 13) 
measured F o s i t i v e  downranpe fror radius 
vector. 

Space Fixed Veloci ty  

Space Fixed Velocity Rqmitude 

Time 

Veioci ty  v e c t o r  conponents i n  PliSCS L3. 

d i i S 2  + &2 T is2 

Instantaneous f l i g h t  t i ne  referenced t.:) 
f i rs t motion. 

Weight of vehicle in pounds. 
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'phis report presents the  AS-207 hunch Vehicle O p e r a t i d  Flight 
Tra jectorg three-sigma f l i gh t  envelope. S t a t i s t i c a l  cambinations of 
three-sigma perturbation effects  were accomplished by the  ROO%-SUm- 
square (RSS) technique. 
parameter dispersions a t  S-IB/S-IV B physical separation and 5-2 engine 
cutoff signal follow: 

Concise suxnuaries of pertinent t ra jectory 

S-IB/S-IVB SEPARATIOEJ 

FLIGHT ALTITUDE SPACE FIXED GROUND EARTH FIXED 
TIME VEMCITY PATH ANGLE RANGE CROGS RANGE 

( s a  (MI ( W S  1 ( D G  (M) 

*RSS (+) 6.29 u 5 5  35 035 2.702 7849 3069. 

RSS ( 0 )  2.66 1997 35-89 1.891 3720. 3208. 

5-2 ENGINE CUTOFF SIGNAL 

FLIGHT AU'ITUDE SPACE FIXED G E m N D  

(SEC j (MI iw's i @EG; (%; 
TIME VELOCITY PATH ANGLE RANGE 

RSS (+) 20.22 619. 1.60 0.025 72716 

IlsS (-) 17.52 618. 1.60 0.025 70384 

S-IB and S-NB propulsion system perturbations produce deviations i n  5-2 
Engine Mixture Ratio (EMR) s h i f t  t h e .  
propulsion group and the  t u t a l  envelope are presented below: 

Dispersion envelopes fo r  each 

5-2 EM3 SHIFT TIME DEVIATION 

S-IB PROPUISION S-IVB PROPUISION TUl'AL 
( s a  (SEC (SEC 

R s s  (+) 6.86 48.22 48.70 
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The resu l t s  of t h i s  d i s  ersion analysis reveal that the maximum expected 
variations i n  the estab P ishment of the LVDC time bases are: 

flsS (+) 1.75 5 -75 20.22 

RSS (-) 2.60 2.66 17 52 

It should be acknowledged t h a t  t he  posit ive RSS value quoted above for  TB2 
and TB3 (1.75 and 5.75) a r e  the  limits provided by the WDC sequencing backups. 

The S-IVB stage Flight Performance Reserve (FPR) f o r  the AS-207 Mission, as 
determined from t h e  dispersion analysis discussed herein, is1557 
This  FPR i s  well w i th in  the excess usable propellants (4524 pounds 
dicted in Reference 11. 

Fixed time par t ia l s  f o r  vehicle, environmentalpd inertial measurement uni t  
dispersions are evaluated at  700 seconds and a r e  presented in Addendum I, 
which w i l l  be published under separate cover. 
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SECTION 1 

INTRODUCTION 

Launch vehicle perfonnance is predictable only within cer ta in  tolerances. 
Therefore, deviations from a predicted launch vehicle t ra jectorg are 
expected. 
Launch Vehicle Operational Flight Trajectory, a dispersion analysis has 
been conducted and i s  documented i n  t h i s  report. 

In order t o  establish m d s t i c  deviation limits f o r  the AS-207 

The predicted nominal trajectory employed f o r  the dispersion ana lys is  i s  t h e  
launch Vehicle Operational Flight  Trajectory presented in Reference ll. The 
error sources considered f o r  the dispersion analysis are those associated 
with predictions of vehicle characteristics, vehicle systems performances, 
and f l i g h t  environment. The nominal vehicle and trajectory,  error sources, 
the analytic procedures utilized, and the results are discussed i n  the 
following sections. 

c 
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SECTION 2 

DISCUSSION 

2.1 MISSION DESCRIPTION: The Apollo Saturn 207 mission plan provides 
f o r  the rendezvous of a Lunar Module (LM) with a Command Service Module 
(CSM). 
IU/CSM configuration in to  a 101/107 nautical  mile orb i t .  
data f o r  the AS-207 Launch Vehicle Operational Flight Trajectory are 
presented i n  Reference 11. 

The assignment f o r  the SA-207 Launch Vehicle i s  to  place t h e  S-IVB/ 
S p e i f i c  mission 

2.1.1 F l i g h t  Sequence of Events: 
f o r  this analysis 
performances produce significant changes i n  this nominal sequence of events. 
O f  primary interest  are the events which establ ish LVDC time bases and 
thus the subsequent events dependent on these t h e  bases. 
pertinent time bases and associated events follows: 

The nominal f l i g h t  sequence of events 
i s  presented i n  Table 1. Off-nominal propulsion system 

A discussion of 

Time Base 2 (TB2): 
sensor actuation o r  by a back-up LVDC signal i n i t i a t e d  1.75 seconds 
a f t e r  the precalculated time, i f  a significant downrange velocity 
appears. 
(IECO), interconnection of thrust  O.K. sdtches,  and fue l  depletion 
probe arming. 

Time Base 3 (TB3): 
by actuation of propellant depletion probes o r  by a backup LVDC 
signal issued 10.00 seconds a f t e r  establishment of Time Base 2. 
Pertinent dependent events are ullage rocket firing, S-IB retro- 
rocket f i r ing,  S-IB/S-IVB separation signal, 5-2 engine a t a r t  
signal, and IGM guidance in i t i a t ion .  

Time Base 4 (TB4) : 
a f t e r  Guidance Cutoff Signal (GCS).  
S-IVB stage obtains a predetermined space fixed velocity magnitude. 
The significant events subsequent t o  TB4 are the  preplamed orbital 
maneuvers and S-IVB stage venting. 

Established by S-IB stage propellant leve l  

The dependent events are Inboard Engine Cutoff signal 

Established a t  a tboard Engine Cutoff (OECO) 

TB4 i s  in i t i a t ed  a t  approximately 0.2 seconds 
GCS is  i n i t i a t e d  when the 

It should be noted t h a t  TB2 and TB3 establishments are nominally dependent 
upon propellant level  sensor actuations. Therefore, establishment of these 
time bases i s  very sensit ive t o  propulsion system perturbations which effect  
propellant flowrate, and thus, tank leve l  his tor ies .  

2.1.2 Launch Vehicle and Flight Environment: The nominal AS-207 Launch 
Vehicle mass characterist ics,  propulsion system characterist ics,  and vehicle 
aerodynamic properties used i n  this analysis are  those presented i n  Reference 11. 
Table 2 presents the nominal vehicle weight breakdown. 

The 1963 Patrick Reference Atmosphere model and t h e  December wind prof i les  
presented i n  Reference 4 define the atmospheric properties used i n  this 
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analysis. 
incorporated i n  each t ra jectorg simulation dhcussed hereh.  

2.2 ERROR SCURCES: Vehicle manufacturing tolerances, predicted system 
performance inaccuracies,and f l i gh t  environment a n d e s  are sources 
of errors which significantly effect  t ra jectorg predictions. 
s t a t i s t i c a l  analyses of such error  effects ,  three-sigma deviations have 
been established. 
with corresponding references, are displayed i n  Table 3. 

are assumed t o  be randan, independentsand normalljr distributed. These 
assumptions al low application of the Root-SumS.quart (RSS) s t a t i s t i c a l  
combination method t o  produce a t ra jectory dispersion envelope. 

The guidance and control modes defined in Reference 11 were 

To f a c i l i t a t e  

The three-si- deviations considered i n  this analysis, 

2.3 TRAJECTORY DISPERSIONS: The perturbations investigated i n  this analysis 

Dispersed AS-207 t ra jec tor ies  were simulated with each of the three-sigma 
deviations l i s t e d  i n  Table 3.  Effects on pertinent t ra jectory parcsleters 
a t  S-IB/S-IVB stcLge separation and S-IVB stage g u i h c e  cutoff were deter- 
mined a d  combined as follows: 

AP = perturbed parameter - nominal parameter. 

These RSS values define a reasorktble three-sigma f l i g h t  envelope for the 
AS-207 Launch Vehicle Operational Flight Trajectorg. In  o similar mmer,  
u t i l i z ing  t ra jectorg dispersion data, the S-IVB rzight Performance Zeseme 
(FPR) required t o  offset  t h e  combined three-sigma deviations was determined. 

' -  
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RESULTS 

3.1 TRAJECTORY DISPERSI(3pJ ENVELOPE: Trajectory dirrpersion results a re  
presented for t w o  events, S-IB/S-NB stage separation and 5-2 guidance 
cutoff. 
envelopes for t h e  following error source groufrs: 

Tables 4 - 7 and 9 - 12 present, f o r  each event, three-si- 

1. 
2. S-IB Stage Non-Propulsion 
3. S-IVB Stage Propulsion 
4. S-IVB Stage Non-Propulsion 

S-IB Stage Propulsion and Flight Environment 

In the cases where both +, 3-sie;ma deviations produced effects  with l i k e  
algebraic signs, only t h e  larger effect  was included in the  RSS. 

Tables 8 and 13 display predicted three-sigma f l i gh t  envelopes. These 
envelopes are t h e  root-sum-squares of the above source group envelopes 
and Ine r t i a l  Measurement Units ( IW) error  effects  (Reference 16).  

Analysis results show t h a t  t he  expected extreme deviations for  TB2 are 
71.75 and -2.60 seconds. 
the  LVDC backup s i g n a l  c r i t e r i a .  
deviations expected fo r  TB3 
posit ive TB3 
UIDC backup sequencing program. 
ignition, and IGM in i t i a t ion  times are dependent on TB3 , the  maximum ex- 
pected deviations for  these events a r e  the  same a s  that of TB3. 
is reflected in Table 8 f o r  S-IB/S-NB stage separation. 

The +1.75 second deviaticm is res t r ic ted  by 

The 
Analysis also reveals that the  llraximum 

are  +5.75 seconds and -2.66 seconds. 
deviation, 5.75 seconds, is  the maximUm a l l o w e d  under the  

Since S-;cB/S-IVB stage separation, 5-2 

T h i s  fac t  

Engine Mixture Ratio (DlR) s h i f t  time was found to have maximUm expected 
deviations of +48.70 seconds and -50.54 seconds. These deviations a re  pro- 
duced by S-IB and S-IVB propulsion dispersions, with the  major contributors 
being S-IVB propellant loading and flowrate deviations. 
maximum expected variations i n  TB4 are +20.22 seconds and -17.52 seconds as 
shown i n  Table 13. 

It is found tha t  t h e  

These variations a re  primarily due t o  S-NB propulsion 
perturbat ions. 

The error sources prescribed fo r  t h i s  analysis, Table 3, do not include 
conditions and tolerances which contribute t o  a r e a l i s t i c  vehicle a t t i t ude  
r a t e  envelope determination a t  S-IB/S-IVB physical separation. Therefore, 
the t o t a l  a t t i tude ra te  envelope at  S-IB/S-NB stage separation has not 
been included in Table 8. 
vehicle launch date. 

Th i s  envelope w i l l  be determined pr ior  t o  the  

During S-NE stage f l i  h t ,  r o l l  control is maintained by t h e  A u x i l i a r y  
Propulsion System (APS '3 . Essentially, t h i s  system independently corrects 
r o l l  a t t i tude errors when the error  si& exceed8 one degree. 
c r i t e r i a  l imits the r o l l  a t t i t ude  deviations and no APS errors  were con- 
sidered, the RSS technique is  not applicable. 

Since t h i s  

This is indicated in Table 3.3. 

-6- 
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A comprehensive f l i g h t  envelope of pertinent design parameters during S-IB 
stage f l i gh t  i s  presented i n  Table Us. 
To enhance cursory uvalutims of future vehicle systerme change effects ,  
pertinent S-IB stage performance trade-off fac tors  are provided i n  Table 
15. 
Table 16 presents similar trade-off factors  f o r  the  5-2 cutoff event. 
table  encompasses both S-IB and S-Im stage e r m r  sources. 

T h i s  table of trade-off factors i s  applicable a t  S-IB/S-In separation. 
T h i s  

An accompanying se t  of position and velocity vector dispersion data, evaluated 
a t  700 seconds, i s  P r m i d d  k.1 A~dmdm 1. (published under separate cover). 

3.2 S-IVB STAGE FLIGHT PERFORMANCE RFSERVE: Table 17 presents t h e  
derivation of the 1557 pound S-IvE( stage propellant reserve required t o  
of fse t  the effects  of the 3-sigma deviations shown i n  Table 3 .  
table  includes individual perturbation e f fec ts  on S-IVB stage propellant 
consumed and the readily applicable trade-off factors.  

T h i s  
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TABLE 1 

AS-207 IAUNCH VEHICLE TFIAJECTORY DISPERSIW ANALYSIS 
NMINAL FLIGHT SEQUENCE OF EVENTS 

NOMINAL FUGHT TIME 
/HR :MIN : SEC ) 

- 0:0:05.0 
- 0:0:03.1 

o:o:oo.o 
0:0:00.2 
0 : 0: 10.2 
0:1:13.5 
0 : 2: 12 ..2 
0: 2 : 12.3 

0:2:U+.3 

0:2:17.3 

0: 2:2O.3 

0:2:2l.6 
0:2:21.7 
0:2:23 .o 

0:2:26.4 
0: 2: 29.4 

0: 2: 25.5 

0: 233.6 

0:3 t01.3 

0:3 :04.3 
0:7:24.5 

0:9:53.2 
0:9:53.4 

0: 10 :a. 2 
3:lO:OO.O 

4 :30 :00 .O 

ISEC) 
- 5 .00  

- 3.10 
0.00 

0.20 
10.20 
73 -50 
132.20 
132.32 

l34 *32 

I37 032 

140.32 

l4l.62 
u.70 
w.02 
145 *45 
146 042 
149 *42 

153.62 

181.32 

184 032 
444.50 

5 9 3 . 2  
593 =u 
603.21 
11400. 

lf5200. 

- EVENT 

Guidance Reference Release (GRR) - 
I n i t i a t e  S-IB Mainstage Ignition 
Sequence. 

First Motion. 

Lift-off Signal. 
I n i t i a t e  Pitch and Roll Maneuvers. 
Maximum Dynamic Pressure. 
T i l t  Arrest. 
Enable S-IB Propellant Level Sensors. 

I n i t i a t e  Time Base 1. 

Isvel  Sensor Activation. 
Initiate T h e  Base 2. 

Inboard Engine Cutoff (IECO 1. 
Outboard b g i n e  Cutoff (0x0). 
I n i t i a t e  Time Base 3. 
Separation Signal.. 
S-IB/S-NB Physical Separation. 
5-2 Engine S t a r t  Cnmnnnd. 
Ullage Burn Out. 
90% 5-2 Thrust Level. 
Activate PU System. 

Je t t i son  Ullage Rocket Mutors. 

Je t t i son  IES. 

Initiate Acti- 3 Guidance (Camand). 
MR S h u t  Sensed by IGM. 

Guidance Cutoff Signal (CCS). 
I n i t i a t e  Time Base 4. 

Orbital Insertion. 
CSM Separation. 

Loss of S-IVB/IU Attitude Control. 

-9- 



TABLE 2 

AS-207 JAUNCH VMICIE TRAJECTaRY DISPERSIUJ ANAUSIS 
N(3PIIINAL VEHICW WEIGHT PIREAKDCWN 

Spacecraft 38,100 
Instrument Unit '4,093 
S-IVB Stage Inert 23,869 
Useable Reserve Propellant (Includes FPR) 

70,586 
lr.521r 

Injection Weight 

5-2 Thrust Decay Propellant and Ixlx Vent*  
S-IVB Cut off WeQht 

S-IVB Propellant Consumed 
S-IVB APS Propellant Consumed 
Iaunch Escape System 
Ullage Cases 

S-IVB "90% Thrust" Weight 

S-IVB S t a r t  and Buildup Prpt. Consumed 
UUage Propellant Consumed 

S-IVB Stage Weight a t  Separation 

S-IVB Separation and Ullage Canponents 
S-IVB A f t  Frame Hardware 
S-IB/S-NB ht erstage 

S-IB Residuals and Reserves 
S-IVB Froat Consurped 

S-IB Seal  Purge Consumed 
S-IB Fuel Additive Consumed 
S-IB Gearbox lubricant Consmed 

S-IB Dry Weight 

S-IB Frost  CCflSUPaed 

192 
70,778 

223,730 
4 

8450 
220 

303,182 

303 3 798 
186 

4 
30 

6,457 
83,507 
10,651 

100 
1,OOo 

5 
26 

705 
Inboard N i n e  Thrust  Decay PrptrConrumed 2,178 
Outboard Ehglne T h r u s t  Decay PrpkCmstatod 

To Separation 1,991 

1,292,671 
S-IB Hainstage Propellant Consumed 882.219 

Vehicle Liftoff Weight 

-10- 
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TABLE 3 

AS-20'7 IAUNCH VEHICLE TRAJECTORY DISPERSION ANALYSIS 
THREE-SIGEIA DEVIATIONS 

CROUP ITEM 

S-IB Stage )Jon-Propellant Hass 
Non-PropuIsian Thrus t  Misalignment (Pitch ) 

Thrust  Misalignment (Yaw) 
T h r u s t  Hisalignment (Ron ) 
A x i a l  Force Coefficient 

-enter of Gravity Offset (Y) 
+Center of Gravity Offset (2) 

Flight 
Environment 

S-IB Stage 
Pmpulaion 

Headwind 
Tailwind 
Right Cross Wind 
L e f t  Cross Wind 
Atmosphere 

High Surface Winds 

High Surface Temperature 
h w  Surface Temperature 
Propellant Mass 
T h r u s t  and Flow Rate 
ISP and Flow Rate 
Engine Mixture Ratio 
hgir.e MLxh~x Ratio 
H-1 Engine Thrus t  Decay: 

Engine 2 and &: 
Engine 1,3, 5-8: 

Surface Winds 

S-IVB Stage Non-Propellant Mass 
Non-PTdsia Wenter of Gravity Offset (I) 

Wenter of Gravity Offset (z) 
Thrust  Misalignnent (Pitch) 
Thrus t  Misalignment (Yaw) 

s-IVB Stage 
prapulsian 

Instrument 

E.H.R. Shif't 
Thrust and Flow Rate 
ISP and Flow Rate 

5-2 Engine Thrust Decay 
m2 b S S ,  b S 8  

Ine r t i a l  Measurement Units  

DEVIATION 

k310 Pounds 
*0.62 Degrees 
*0.62 Degrees 
*0.62 Degrees 
Maximum&Minimum 
*0.05 Meters 
*0.05 Metera 

Dec. HaximMl 
Dec. lkximm 
Dec.' Maximum 
Dec. 
l h d m u m  & Minimum Profi le  

+ 3~IxIx Density 

+ 3rFuel Density - 3uFuel Density 
*0.35% LOX, *0.35% Fuel 
*1 5% 
* O . 9  Seconds 
+ 2920 Pound LQX Bias 
+ 12?Q Pound Fuel B i a s  

- 3uLaK Density 

*62,350 Lb-sec. 
*65,400 Ib-sec. 

*m Pound8 
*0.05 Meters 
*0.05 Meters 
i1.a Degrees 
*l.= Degrees 

*30 Seconds 

i3.12 Seconds 

*0.03 Sec. x C.O. Thrust 

e% 
*I.%, *lg 

MFERENCE 

1 
1 
1 
1 
2 
3 
3 

1 
4 
4 
1 
5 

6 
7 
8 
9 
1 
1 
1 
1 
1 

u u 
1 
1 
1 
1 
1 

10 
10 
10 
10 
15 

12 

t 

* Referenced t o  Project Apollo Standard Coordinate System 9 .  
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DISPERSION 

S-IB STA(;E: 

LOX Mass (+%) 
LOX Mass (-%) 
Fuel Mass (e) 
Fuel Mass (-%) 
Thrust and Flowrate (+%) 
Thrust and Flowrate (-%) 
I sp  and Flowrate (+ sec I s  
I sp  and Flowrate (-sec I p 
E.M.R., LOX Bias (+10031bj 
E.M.R.,Fuel Bias (+lOOO lb) 
Non-Propellant &sa (+lo0 lb) 
Non-Propellant Mass (-100 lb)  
Pitch Thrust Mis. (+ deg) 
Pitch Thrust Mis. (- deg) 
Yaw Thrust Mis. (+ deg) 
Yaw T h r u s t  Mis. (4eg)  
R o l l  Thrus t  MS. (+ deg) 
Roll Thrust Mia. ( 4 e g )  
Z.C.G. Offset (+.01 m) 
Z.C.G. Offset (-A1 m) 
Y.C.G. Offset (+.01 m j  
Y.C.G. Offset (-.01 m) 

P 

S-IVB STA(ZE: 

Thrust and Flowrate (+%) 

I sp  and Flowrate (+mc fgp) 
T h r u s t  and Flo~rate  (-%) 

and nowrate (-set Isp) 

LH2 (-%) 
Lox Mass (6) 
Lox Mass (-%) 
E.H.R. Shif t  (+ sec) 

Non-Propellant Mass (+ 100 l b )  
Non-Propellant Mass (- 100 l b )  
Z.C.G. Offset (+.01 m) 
Z.C.G. Offset (-.01 m 
Y.C.G. Offset (+.01 m 
Y.C.G. Offast (-.01 m) 
Pitch T h r u s t  Xis. + dog 
Pitch T h r u s t  Ha. 1- 
Yaw Thrust XIS. (+ deg 
Taw T h t  MS. (- den 

E.M.R. Shif t  (- MC) 

PAF&WXB 
GROUND 

TmE 
0 

-0 0 0 9  
+O .ll 
+O .83 
-0.83 
-1.94 
+2.41 
-0.06 
+o .04 
+O .I4 
+O.22 
+O .03 
-0.03 
M.27 
M.21 
+O .65 

0 ,oo 
+O .02 
-0.02 

-0.01 
i-0 .Oi 
-0.01 

+O .oi 

-4.75 
+5.18 
+0.52 
-0.53 
6.57  
4.43 
-1 e 8 8  
+2.37 

7 -0.22 
-- 4.22 
w.22 
-0.22 
-0.01 
ia.01 
M.01 
3 .oo 

w.12 
-0.06 
M.06 
-0.02 

RAN= 
(H) 

+7849 
-7597 
-1689 0 

+1686. 
-3170 
+33% 
+a99 
-2466. - 824. 
-1248. - 60. 
+ 60. 

+l4323. 
- w 5  - 363. 
+ 184. - 8. 
+ 74. - job. 
+ 503. - 5. 
+ 3. 

-16672 
+18312 . 
+2551 
-2469. 

+n832. - 29692 
-17307 
+I73320 , ,~ 
-1073 
+957 
+ 620. - 619. - 119. 
+ 117. - 4. 
+ 1. 
+lo95 
-1160. - 58. 
0 . 
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+ 323. - 314. - 46. 
+ 46. - 189. 
+ 211. + 102. - 101. - 30. - 46. - 2. 
+ 2. 
-+ 605. 
- 598. 
+ 2. 
+ 10. 

0. 
+ 3. - a. 
+ 21. 

0. 
0. 

- 826. 
+ 926. 
+ 122.’ - 119. 
+I359 
-udo. - 775. 
+ 793. 
-51. 
+47 

+ 33. - 32. - 5. 
+ 5. 

0. 
0. 

+ 49. - 50. - 1. - 1. 

WEIGHT 
(LB) 

+686. 
-691 
-366 . 
+366. 
+ a 5  
-331 +a. 
-236 
-109 0 

-165 - 13. 
+ 13. 
- l l9  . - $9. 
-281 . - 3. - 5. 
+ 6 .  

+ 3. 
- - 6. 
+ 3. 

- =  2. 

+w. 
-208 . 
+229 . 
-22l. - 10. - w. 
+ 57. 
-325 . 
+ 5 .  - 5. 
+ 4. - 5. - 2. 
+ 1. - 52. 
+ 29. - 27. 
+ 6. 

-1 .1  - I .  
-2,- I 
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DISTRIBUTION 

W. A .  H u f f  I-V1B-E (1) 

W. H.  Mann, Jr. 1-YlB-E (1) 

L. L. McNair R-AERSP (151 and 1 reproducible copy) 
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